Based on the National Statistics Bureau, the number of train passengers in Indonesia has steadily increased; hence, it has increased demands for train car bodies. Train production in Indonesia is conducted by PT. Train Industry (INKA), Madiun. A manufacturing enterprise that processes raw materials into finished goods through a complicated process before delivering the goods to consumers. During the process, wasteful activities frequently occur and do not add any value stream. Wasteful activities extend and delay the production process, which harms the company. This research was conducted at the Fabrication Division of the train manufacture company, PT. INKA, Madiun. It is aimed to identify and minimize wasteful activities during train car body production process conducted by the Fabrication Division using Lean Manufacturing approach. Analysis on wasteful activities is conducted using Value Stream Mapping with Process Activity Mapping (PAM) and Supply Chain Response Matrix (SCRM) and calculated with VALSAT. Based on the research findings, the most wasteful activity is waiting time. Waiting time is caused by the delay in the arrival of raw materials, which causes further delay in production time, unfit machinery capability and barely-skilled labors. Based on PAM, wasteful activities, which are mostly caused by delays in non-value adding activity (NVA), took up 271.5 hours or 16.80% of total production time. Based on SCRM, total lead time of car body production until it reached the Finishing Division amounted to 131 days. After analysis, suggestions for improvement are given to minimize wasteful activities. Based on the suggestions, a decrease in NVA was achieved at 88.67% rate and lead time decreased by 15.64%.
Introduction

Research background
The number of train passengers in Indonesia has consistently increased each year. It is evidenced from a survey conducted by National Statistics Bureau (BPS) Indonesia. ICOI-2018 Based on the survey, from 2013 to 2014, there was an increase of 5,125 passengers, or 17.45%, and from 2015 to 2016, there was an increase of 2,156, or 7.938% (www.
bps.go.id).The increase causes train car body demand to increase. Train production in Indonesia is conducted by one company, PT. INKA, Madiun. As the sole producer of train manufacture, PT. INKA should be able to produce trains on demand. As a manufacturing company, it processes raw materials to finished goods to be delivered to consumers; hence, it requires a complex production process. Wasteful activities frequently happen. Gasperz (2007) defined wasteful activities as the activities with no value-added provided along the value stream.
This research is conducted at Fabrication Division of PT. INKA, Madiun. PT. INKA focuses on train manufacture (freight train, passenger train, diesel train and electric train), train overhaul, local trade and train-related goods and services export and import. PT. INKA uses a make-to-order production system under a certain project duration. During the production process, wasteful activities frequently occur and cause delay in delivery time. Those wasteful activities encompass the delay from raw material suppliers, which influences processing time and delay in the schedule, delay in the procurement of consumable goods and broken machines whose components can only be bought abroad. Reworking is usually caused by non-conformity of size or fitting accuracy, human error, scrap product revision, and defects. Those exacerbate PT. INKA's delay in delivering the final products to the consumers.
Based on the background above, lean manufacturing approach allows the company to eliminate such wastefulness and improve its performance. The first step is to describe the value stream to see the whole production process in the Fabrication Division of PT. INKA, from production process and material flow to information flow.
The tool that can be used to obtain such information is Value Stream Mapping (VSM).
This technique identifies all value-added and non-value-added activities throughout the production stream, so wastefulness can be found, be minimized and even elim- 
Theoretical Framework
Lean philosophy
The lean philosophy comes from the Toyota Production System (TPS). It is an approach that focuses on activities which provide value to customers by minimizing the use of non-added-value resources commonly known as waste. Lean is designed to eliminate wastefulness throughout the production process, from designing the product, establishing supplier networks and managing the factories. The goal is to increase the products' added value by eliminating waste, reducing unnecessary work, lowering cost, producing higher quality of products and shortening lead time of production.
Lean manufacturing has the main principle to minimize seven kinds of wastefulness to increase customer satisfaction (Liker, 2006 ).
Wastefulness
Based on Chase and Jacobs (2011), wastefulness, as defined by the former Toyota President, Fujio Cho, is anything beyond the minimal calculation of equipment, raw materials, parts and workers (working hours) which play their respective part in production. Wastefulness takes a lot of company resources and can be found anytime and anywhere. According to Hines and Rich (1997) , wastefulness is divided into seven types, namely:
Overproduction
Overproduction is wasteful when the company produces more than consumers demand or exceeds the required amount of target.
2. Waiting period ICOI-2018 Waiting period covers periods which stall the production process. In the factory, this waste occurs when the production does not move forward or is still in progress. This wastefulness affects both product and worker, as each will wait for one another.
Transportation (excessive transportation)
Transportation is the movement of goods, either material, work in process (WIP), or finished goods, which have the risk of damage, loss, delay, etc., and increase the cost without adding more value.
Inappropriate processing
Inappropriate processing includes all unnecessary activities in the production process. Inappropriate processing generally occurs if the production equipment is unkempt, less ready to use, or less perfect in terms of accuracy, flexibility, integration of automation, and so on. It causes the operators to spend more effort.
Unnecessary Inventory
This form of waste can be in the form of material inventory, work in process (WIP) goods, and finished goods, which add to expenditure and do not produce income.
Unnecessary movements
Unnecessary and excessive movements in the form of human or individual movements or equipment to the course of the production process.
Defects
Defective products are products that do not conform to factory quality standards.
Value stream mapping (VSM)
VSM is an important tool that can help managers understand the operational conditions 
Value stream analysis tools (VALSAT)
VALSAT is a calculation tool used to perform the mapping process after weighting the occurring wasteful activities. VALSAT calculation results will be used to determine the tools which could reduce wastefulness. However, selecting more than one tool can be more useful.
Fishbone diagram
Fishbone diagram, or cause and effect diagram, was developed by Ishikawa in 1968.
It helps examine the cause of a problem (Ishikawa, 1968) . In a fishbone diagram, there are five categories that cause problems (Gasperz, 2002) , namely man, method, machine, material and environment.
Research Methodology
Research approach
This research employed qualitative-descriptive approach. Qualitative research is a research on the condition of an object in which researchers retrieve the data directly at the source through interviews and direct observation. In contrast, descriptive study is a method used to describe or analyze a research finding, without making a wider conclusion (Sugiyono, 2005) . The purpose of this descriptive study is to create a description, or illustration systematically, factually and accurately about the facts, properties and relationships between the investigated phenomena. 
Data analysis
The technique used in this research was lean manufacturing approach with VALSAT to analyze wastefulness. There are several steps in this research, namely drawing current state mapping, analyzing the cause of wasteful activities based on the questionnaire using VALSAT tools, identifying the cause, formulating suggestions for improvement on the train car body production process, describing future state mapping, drawing conclusions and recommendations for further research. Some minor assays are then assembled into sub assays. The results of sub assay components are the main underframe, roof, sidewall and end wall which will be assembled into a train car body.
Identification of wasteful activities
Based on the calculation of the questionnaire results, the highest percentage of wasteful activities occurred during the train car body production process in the Fabrication Division was waiting time at 22.52%, unnecessary inventory at 18.75%, and transportation cost at 14.98%. Based on the results of the interview, wasteful activity is largely caused by late arrival of raw materials, less skilled labor, inadequate engine capacity and insufficient space and means of conveyance.
Selecting VALSAT tools
Selection was conducted by weighting the VALSAT tools and calculating the average value of each waste, then multiplying it by certain weight of VALSAT tools. High value was 9, medium was 3, and low value was 1. Based on PAM, wasteful activities in non-value-adding activities (NVA) take up 16.80% of the total processing time, which indicates the number of wasteful activities occurred during the production process. NVA is mostly caused by delay, while NNVA occurs at 1.44% of total production time. 
Fishbone diagram
Root cause analysis of problems with fishbone diagram was only conducted for four categories, namely man, method, material and machine, to further refine the previous analysis results. In the category of man, wastefulness occurred due to lack of skill and lack of training among the workforces. From the method category, wastefulness was caused by the delay of MD and DD, as well as raw material purchase procedures. From material category, wastefulness occurs, because raw materials are frequently late in delivery. Lastly, for machine, wastefulness occurs due to machines' frequent damage and it takes a while to purchase their spare parts from abroad.
Suggestion for improvement 4.2.1. Future state mapping
Formulation of the Future State Mapping is done by discussing the ideal production process desired by the company. Together with the informants, the authors discussed any non-value-adding activity (NVA) that might be reduced or even eliminated through 2. Material handling and appropriate scrap removal will also facilitate the flow of transportation within the plant.
Source: Processed from company data 2. Establish an organization for employees to facilitate post-work activities, such as development of interests and talents. This facility is expected to bring the employees closer to one another. Method 1. Prepare appropriate and detailed scheduling for each production process, from raw materials to finished goods.
2. Maintain good communication with all divisions, especially related to publishing manufacturing drawing (MD) and drawing design (DD), so that the production process can run on time.
3. Develop a responsive plan to address sudden changes in demand or in the middle of the production process. Machine 1. Replace frequently damaged or unseemly machineries with new ones whose capacities are in accordance with produced outputs.
2. Conduct regular maintenance. Material 1. Prepare an alternative to replace exhausted materials or in case suppliers cannot fulfill the order, so that the production process will not be delayed for too long.
2. Build a good communication with suppliers, particularly related to raw materials delivery.
3. Conduct further calculation during material procurement by purchasing in advance for materials which should be purchased abroad or take a lot time to purchase.
Source: Processed from company data Based on the table above, the improvement of production process occurred in transportation, storing and delay-related activities, as it affected the reduction of nonvalue-adding activity (NVA), amounted to 240.75 hours or equivalent to 10 days, which indicated an increase in the production process improvement of 88.67%. Reduction of lead time also occurred at 252.75 hours or equivalent to 10.5 days, which indicated a 15.64% improvement. Significant improvement will improve the company performance, because the company can optimize its resources. It also increases the effectiveness and efficiency of its production process.
Conclusions and Suggestions
Conclusions
Based on the results of discussion and analysis in the previous chapter, the following conclusions can be drawn:
1. Identification of wastefulness was conducted using a weighted-questionnaire distributed to seven employees at PT. INKA as the informants who had the authority and understanding of the production process. The respondents consisted of employees from Fabrication, Planning and Control of Production, and Quality Control (QC). Based on the questionnaire results, the highest wastefulness was recorded by waiting time at 22.52%, unnecessary inventory at 18.75% and transportation at 14.98%. ICOI-2018 2. Wasteful waiting time was caused by the delay in the arrival of raw materials, so that the production process could not be started. It was followed by the storage of unnecessary inventory, which was caused by a lack of space to store materials or components. Wasted transportation is caused by ineffective displacement process due to lack of transport or forklift vehicles.
3. Waste analysis was conducted by selecting VALSAT tools with the highest value, 4. Based on PAM, the occurrence of wasteful and non-value-added activities (NVA) takes up 271.5 hours or 16.80% of total production time. NVA is mostly caused by delays that occur for several reasons, namely the amount of waiting time due to damaged engine or less precision in the process, while, based on SCRM, the total lead time was 131 days with cumulative inventory of four.
5. The analysis of the wasteful activities' root cause was also done using fishbone diagram with four categories. 'Man' category indicates lack of manpower skills due to lack of training. 'Method' category shows DD and MD are frequently late.
'Machine' category displays that the machines are frequently damaged, and their capacity is not in accordance with the output to be generated. 'Material' category indicates that the delivery of raw materials from the suppliers is frequently late.
Suggestions
Based on the research findings, we propose these suggestions for PT. INKA:
1. PT. INKA should provide sufficient training to employees who are involved in the production process, especially new employees, in order to have adequate and balanced skills among employees. The training should be conducted together with more experienced employees to avoid inequality of skills when the shift changes. In addition, an outsourcing process to attain a more skilled employee could save production costs, because work can be done better, rather than having to hire a large number of workforces near the deadline. 3. If the production period is too close to deadline, PT. INKA should purchase semifinished raw materials to accelerate the production process. Although they might be expensive, the price is arguably less than the per-day fine PT. INKA needs to pay if it cannot fulfill an order.
As for academicians or further research, we suggest the following possible themes:
1. Preparation of Future State Mapping should be done after the company applies Lean Manufacturing in the production process to see significant results between past conditions and current conditions. Limitation of this research was that the Future State Mapping was not applied when the company had implemented Lean
Manufacturing. In addition, there was inadequacy in the required data, so that problem analysis could not be done perfectly.
2. Future researchers are further advised to conduct further research on wastefulness using data which are not available in PT. INKA, so that the research will be more robust.
